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SUMMARY

This work brings forth the analytical correlations linking
the brightness temperature of planet's radio emission with the physical
perameters of its surface and atmosphere, taking into account that the
latter is absorbing, For the particuler cases of absorption by the
entire thickness of the atmosphere and of absorption in a uniform and
perabolic layers, numerical solutions are obtezined, The latter are

used to interpret the results of racioastronomical measurements of Venus.

l.~- One of the important sou:rces of information on the physical
properties of Venus are its radioastronomical investigations, To inter-
pret tie latier it is necessary to establish a link between the measured
quantities with the physical parameters of Venus' surface and atmosphere
which exert an influence on the character of its radio emission. Among
such parzmeters are the temperature and the emitting capability of its

surface, and also the temperature and absorption in the atmosphere.

* K TEORII RADIOIZLUCHENIYA VENERY



Inaemuch as most of contemporary ground radiotelescopes lack the
resolving strength sufficient to outline areas, smaller than Venus' disk,
the measurable cuantity is usually the brightness temrerature, averaged
alon— the visible disk of the planet, 7:; In connection with this, it is
necessary to find the connection between the averaged brightness tempera-
ture and the above referred to parameters of the planet.

For a planet devoid of atmosphere, a similar problem was resolved
by Troitskiy [1,2] (see also [3]). However, as is well known, Venus
is surrounded by an atmosphere that may be absorbing, and consequently,
it can be emitting in the ra<ioband., Moreover, in the general case, there
may exist above the planet's surface, some absorbing-emitting layer.

That is why, the emission of planet's very surface and the effect upon it

of the indicated absorbing media ought to be considered®*

2.,~-Let us find the emission of an elementary area of planet's disk,
surrounded by atmosphere, in a general form.

The effective emission temperature of a surface element is

T,=T.l —R). (1
Here R is the refiection factor of the considered element in the direction

of the observer,

Teo= .f T(y) x(y) sec p'e ™ *" dy, (2
0

where T (y) and x(y) are the treu temperature and the absorption coeffi-
cient of planet matter at the depth y, f' is the angle between the
directions - —_  of the emission from within, and the normal
to outlet surface. The atmosphere avsorbs, and consequently. it weakens
the surface emissionj besides, it provides its natursl radiztion. The
atmosphere layer, of thickness ds along tie visual ray, situated above

the considered surface element **, contributes 'zﬂ,s)dh. to absorption.,

The total optical thickness of the atmosrhere is

oo

T () = S x(k, S) ds.

[(]

* Barret [1:] considered a similar problem only for the particular case
of molecular sosorption in H;0 ané CC, at exponential distribution of the

absorbing matter. -
e see next pasee.
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That is why the brightness temperature of the aggregate emission
of the surface element and of the atmosphere lying above it along the

visual ray, will be

hed
— j (s, }) ds

Tx(®)] =T. (1 —R) e ™™ + 3 T(s)x(s, }) e * ds.
0

The parameters R, =(+), T,(s) and x(A, s) , entering in this formula, depend
in the mener-l cace on the position of the surface element relative to
observer, The experimentally observed phase course of brightness témpera-
ture [4 =71 points to the fact, that at least some of the parameters
brourht up depend also on the degree of illuminance by the Sun, and con-
secuently on the position of the emitting element relative to the Sun.
Moreover, T (s) and w(s) are functions of height.

e shall assume in the first approximation, that the phase course
of brightness temperature, averaged along the visible disk oi Venus, is
conditioned only by tne difference of the effective temperatures of the
surfaces T.,» and T,,, and by the atmosphere parameters =, =%, T,u(s), T,u(s)
1,(s) and %(S) of the illuminated and dark parts of the planet and ‘by the
veriation on the visible disk of the correlation between these two parts,
But within the bounds of each of these parts, we shall consider all the
indicated parameters as constant. Then, in the lower and upper conjunctions,
when the 1it and the unlit sides of the »lanet are respectively turned at
the Earth, we may estimate that 7,,, =<(s), 7;@) and %(s) are independent

from the position of the element on planet's surface relative to the Sun.

3, - For the consideration of the dependence of the indicated
ouantities o the position of the emitting element relative to observer,
it is paactical to utilize in this case the polar system of coordinates
a, Y ,where a8 is the distance of the element from the center of the disk,
exprecssed in fractions of disk's radius, Yy is the angle at the center of
the disk between the direction of beginnins of count and the direction at
the emitting element, \ie shall take for the origin of the count the direc-

tion, coinciding with the polarization of the receiving system.

** [from the preceding vagel. - We neglect the refraction in the atmosphere
of Venus, essential only at the limb of the disk and thus contributing
only insignificant variations.
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The dependence of the reflection factor on the coordinates of the

emitting element is described by the correlation

I1—Rla, D] = (1 ~R)cos*y + (1 — R) sin*q,

where Ry and R are the reflection.factors for the vertical and hori-
zontal polarizations. For a smooth (relative to wavelength) surface, the
reflection factors are determined by the well known Fresnel formulas :

R, = (: cosg— Vs - 5"‘:.")2; R, = ( cosp — Ve—sin®p )'.

== - -
scosu+ V: - sin%e COS{'-rVe-—sinp

Taking into account that a = einf s and effecting the elementary trans-
formations, we shall obtain

T ey S N (1 = N
(eV1—a*+ Ve—a')? ' VI —at+}:=af) 4)

1 —R, =

the
Account being taken of the above—described,/&rightness temperature
of a surface element with coordinates a, Y and ds =déh / \/1— aa, may be

expressed in the form

<

' V(S ad) (i — ad
Tya, 7. 1) = T eV — o)l ) cos® 7 +
leriT ey vis ey
4 Nz — ) T - ’—_“;(A_)_

_Hrd =@ (v» @) sty |e VicE 4
VT —at 4 Ve = @) : | (5,-

' © - «(h, ) dh

2 ) ’:‘_'_ . .
R T A VI dh.

Vi—a J

As already noted, during reception on an antenna with a broad
radiation pattern, as compared with the planet, the value measured is the

brightness temperature, averaged by the visible disk of the planet :

Oo/oo




Se

0}

s T,()\, a, ) dL

n

where Q,, is the solid angle of the planet. In the chosen system of coore

dinates, the element of the solid angle is

dQ = 2 adady. Q)

k(Y

Substituting (5), (7) into (6), and conducting a series of transformations,
we shall obtain )

T = T + T @)

Here Ty(A) and T, (M) are the components of brightness temperature,
averaged by the visible disk and conditiored by the emission of planet's

surface and atmosphere.

4, — The quantity Tl ()\) depends on temperature and electrical

properties of the surface and on the total absorption in the atmos'phere s

Ti0) = T, o, [, 6], ©)

Jil*() 3‘-—45‘(1[ ‘V(l—-a’)(;‘_aa)

where

VT—@+Vi—a)r

V({i-—a)(e—a?) e—x().)/t’ = ga
(Vi—a"+Ve—a') :

The quantity J,[t(A), ¢] is factually the emitting capability of planet,

everaged along the disk. Its numerical values for different parameters
T and t,obtained by computer, are compiled in Table 1.

A graph of the dependence Jy (e) for the case T = 0, that is for
waves, on which there can be no absorption in the atmosphere, is plotted
in Fig.1l, where we also brought out the dependence on € of the emitting
capability of the disk, normal to visual ray. The emitting capability of
a smooth sphere is determined as

oo/oo



- .
1—-R={ f[(l—R.) cos’y + (1 — R, sin® y| adady = J,(0,¢).  (10)
00 '
Then, the brightness temperature, averaged along the disk, is

. X v
T.l‘t().)] = Tt oll(o: e) S e-‘(i)/'/r—.? da = Te sz(t) e)l (1 l)
[
where i
= WIViTE gg. |
"z(‘o !) "1(0) e)ds‘ e-t a (!2)

- 1
The integral (€-"Y=2da has been calculated by means of a computer, and

the results are compiled in Table 2.

4 =t

0

11
2 3 5 60 & ¥ @ ¢

Fig,1l. - Devendence of the emitting capability 1-R
of the planet with a transparent atmosphere on the
dielectric constant of its surface's material :

a) averaged along the visible disk;

§) for a normal incidence.

5. - The component of the brightness temperature T, (X)), conditioned

by atmosphere radiation, depends on temperature and absorption in the
atmosphere and on the distribution of these parameters in height :

oo

1
T = 2 g T, (h) = (k, }
(AR 5 Vlia'-j B x (b, VX

X exp [-— ll—a’ 5 x(h, 1) dh] dhda. (13)
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For subsequent computations, we shall make certain assumptions
relative to these parameters. The distribution of temperature in the
atmosphere of Venus will be assumed linear piecewice broken, with tempe-
rature gradient ?1 from surface to upper cloud layer limit and with

a gradient 92 above the cloud layer :

T, + 8.k ' at 0 Zh < hy. ) ‘(14)

T (h) =
“( ) { TN'M + ?‘.’(h_hm’m) at h > hoﬁn

In the particular case when PZ =0, the rerion above tiie cloud layer is
isothermic with temperature T, = T,5n - Depending upon the nature of the
abeorpbing layer, the following particular cases of absorption distribu-
tion in height offer interest :
a) the total atmosphere thickness is absorbing :
the distribution of absorption is exponential

b) absorbing is the layer, between hy and h,:
the absorption in the layer is constant

c) absorbing is the layer, included between hj and hp:
the distribution of absorption in the layer is parabolic.

We shall consider these three cases.

CASFE a), - The distribution oi absorption is exponential :

w0, h) = x,(1) e "M, (15)

where x, (A) is the absorvption at level h =0, H being the height of
uniform atmosphere., For the Earth this case corresponds to molecular
absorption in the atmosphere. ) .

In connection with the small contribution of the above cloud part
of the atmosphere, we shall assume for the simplification of calculations,
that P, =0, that is

To+8ih 8 0.<h < hg,
T06.| at h > hoﬂg

Substituting (15) and (16) into (13) and conducting a series of trans-

T (k) = (16)

fo'rmati‘ons, we shall obtain

T = Tota— TuDy (%) + B HI [z, b), (17)
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where
D7) = €7 (1 —1) — 2Ei( —¥),

Eji ie the integral exponential function,

Ji(x,7) =2 aj e V1=F dadq,
4

0 1

-

b= e ot
The functions Dy (t) and c.'f3 (%, b)are compiled in Tables 2 and 3.
The computation of J3 (v,b) was also effected by means of computer.
The reculting brightness temperature, averaged along the visible

disk of the planet, for a smooth surface, is in this case
T [*})] = Toodulx, &) — TuD\(z) + Tosa + B, HI5(x, b). ' (18)
CASE 6).- The absorbing layer is included in a layer of finite

thickness, The distribution of absorption along the layer is uniform:

b, ) = :xo'(f-) at B <h <h,

0 gt K<h;, h>h,
Considering, moreover,
hooa > 1t or bosa <y,

ve shall obtain

7‘:

FJe] =Tz ~ WD) + & Dy(v), (19)

where Tl and Tz are the tempereturer oi the atmosphere a lower and

upper bouncary oI the layer,
Dyx) = —%[2—— e @2—14 ) —PEI(—1) ‘t

The function D, () is compiled in Table 2.

CASE c).-~ The absorbing layer is included in a layer of

finite thickness. The distribution of absorption is parabolic:

../l.



b, =2 [1 (2552 (e <h< b BR), )
where hy is the height of absorption maximum; x (A\) is the absorption
at the height hp, Aho is the thickness of the layer along the zero absorp-
tion level. Under terrestrial conditions this case would correspond to
abeorption in the cloud layer or in the ionosphere. Denoting 2(h — h,)/Ak, = y

and conducting a series of trensformations, we shall have

Td = 4 T, B, Ak), - @)

where

1
Iis, Tas 880 = 35 |2 Fl0) do,
. — a

[
|

F(a)=j(f, +BA—;"— 00— ) exp{égﬁ%_——‘;;x'[l -3, —y—)]} dy,

oc

0 = [ <0, b b~ = %) M,

Tm is the temperature of the layer af absorption maximum level, The func-
tion Jj (©) is also computed with the help of a computer and is compiled
in Table &,

6, -VWe shall apply now the correlation obtained to the results
of radioastronomicel observations of Venus, As is well known, there are
two groups of models, explaining the observed Venus' radio emission spectrum.
In one of the groups of models (with "cold" atmosphere) it is admitted,
that the atmosphere of the planet is absorbing for waves shorter than‘ 2cm
and transparent for greater wavelengihs. In this csse the emission in wave-
lengths > 2cm is conditioned by planet surface. A lower brightness tem-
perature in the microwave band is conditioned by absorption in a colder
atmosphere of the planet., In the other group of models it is admitted,
that Venus has a "hot" ionosphere, absorbing at waves > 2cm and trans-
parent at shorter wavelengths,

Let us examine the model with a "cold" atmosphere, and determine,

what the absorption dependence on the wavelength, required for satsifying
the. observed spectrum of brichtness temperature, must be,
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This examination will be conducted for the dark side of Venus,
of which the radio emission spectrum has been studied sufficiently well
(see, for example, [91).

In order to estimate the dielectric constant, we shall refer to
the data of radio émiséion measurements of Venus. Judging from those

concerning the "cold" armosphere model [10-12], &€ =2.5 < 6.

The surface temperature of this model will be determined from [9]

acclrding to the brightness temperature measured in the wave band where

the atmosphere is tronsparent (T=0) :
- T
U0, ¢
The brightness temperature of the dark side of Venus in the
A =3 =< 20 cm wavelength range constitutes ~s 5850 K, Then

585 585

= = 670°K.
Ji(0, 3) 0,87

Teo =

At values €= 2,5 < 6, Jq (0, © =0.39 + 0.78, which corresponds to
Too = 660« 750° K. The temperature of the cloud layer shall be taken,
accordinz to measurements data, TmzZSOoK « The temperature gradient
in planet's troposphere (thst is in the below cloud 1Ayer) will be taken

equeal to the adiabatic gradient :

Ya = Ag/cp,

where A = 2,39 o 10‘8 cal.erg'l is the thermal equivalent of the operation,

E is the gravitation acceleration, equal to 835 cm. sec™2

the heat capacity at constant pressure. However, the chemical composition

of the atmosphere, and consequently, the quantity C_ also, are unknown

P

for Venus,., Spectroscopic ihvestigations have shown that,the main part of

planet's atmosphere is constituted of gases, which are not detectable
spectroacop:.cally. Such components could be nitrogen, and also the'inert -
gases. For nitrogen C, =0.25 cal:g -l.3deg~l and Y, =8 deg.kn” 1. For

argon C_ = 0.125 and Ya =16 deg km~l, For further calculations we

P
shall assume & nitrogen atmosphere and Pl s*{aNa = 8deg-km'1. Then

oo/ oo

on Venus, cp is



13.

LT _ 505 wu.

ho(u =
- ¥1
Plotted in Fig. 2 are the graphs for the dependences T,s[*(N)],

computed for the considered particular cases and for the above-selected
parameters of a Venus model with a "cold atmosphere" &= 3, T, ,= 670°K
T°6A‘=250° K, Pl = 8 degekm~l, h_g,=52.5 km for the various variants

of abso p ion . istribution in height. Solid curves refer to the case of
absorption by the whole thickness of the atmosphere with an exponential
distribution in height, The chosen heights of uniform atmosphere, ——

H =7, 10.5, 15 and 21 km, correspond to nitrogen atmosphere with tempera-
tures of 200, 300, 420 and 600° K. The dashed curve corresponds tn the '

oo/co

T,(0

[} .

P
mﬂ' 0’
Fige 2. -~ Denendence of Venus' brightness temperature T

on the optical thickness of the absorblng atmosphere for
£ =3, Too=6700K, T,5, =250°K, p.= 8 deg km~l, hy,= 52km:

1) absorption by the whole atmosphere thickness (H =7km);

2) ) " n m " n (§ =10.5km);
3) " " " " " n (H =15km);
L) n nooa 1 " " (E =21 km):
5) " n uw uniform layer included between levels

with temperatures T = 3000K, T, =250°K;

6) absorption by the parabolic layer with T = 300°K,
A lbz =40°K;

7) absorption by the parsbolic layer with T, = 4000K,
pAlbz - 4o K,
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to the layer with identical absorption in height, included between the
heights at which the temperatures are ecual to Ty =300°K and T, = 250°K.
The dash~-dotted curves show the dependences T.s[x(})] for the parabolic
layer with Ah, =5km for T =300 and 4OO°K.

The consideration of the depedences brought out shows, that if
abeorption takes place in the whole thickness of the atmosphere, high values
of the optical thickness of the latter will be required in these wavelengths
to satisfy the brightness temperatures of Venus measured in the microwave
band, which are E:;.'_V_ 350 4+ 400° K, Thus, for example, at H =7 km, obtained
by observations of“Regula" covering*, unrealistically high values of optical
thickness would be requires : ‘E‘x —b 4 8 mm 2 100. That is why, it appears
to be improbable, that in such an atmosphere the value of H should be
substantially greater than 7 km. .

From the same Fig,2 it may be seen, that brightness temperatures

~ 350 -4 LOOOPK can be obtained at substantially lesser optical thick-
ness, profided absorption takes place in a layer of finite thickness,
disvosed near the upper boundary of the cloud layer. Indeed, a layer with

Ty = 300°K and Ah =5 kn must have 7T ~ 1.

A=4 4 8 mm
On the basis of the above-expounded, it seems to be more probable
that the absorbing matter, responsible for the decrease of brighnness tem-
verature of Venus in the microwave band, should be included in a layer of
finite thickness, situated hear the upper boundary of the cloud layer,

and not distributed about the whole planet's atmosphere,

Plotted in Fig. 3 [next pagel is the dependence of optical thick-
ness T for the parabolic layer with Tp=300°K and Ah, = 5km and, by way
of conseguence, also of the absorption ™ 1in the layer, on the wavelength,

which is necessary for satisfying the spectrum of TaB (A) observed [9].

The Author is grateful to V. S.Troitskiy, for fruitful discussions

with reference to the material of the present work.
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Fig, 3. - Dependence of the optical
thickness of the atmosphere with
parabolic absorbing layer (Ta=300K,
BAR, = — 40°K), satisfying the experi-
mentzl data of [9], on the freguency
spectrum of radio emlssion
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